CCSDS REPORT – CISLUNAR COMMUNICATIONS ARCHITECTURE RATIONALE


8 Ops concepts using the new architecture

How we would do the above scenarios with the new capabilities laid out in section 5.

CFDP goes here?  It’s on the brink between current and future architectures.

The following two scenarios entail examples of how the guidelines presented in this document would be used for future architectures for lunar missions.  The examples are derived from the various end-points described in section 3 and the proposed architecture described in section 7. The first example showcases an architecture consisting of robotic missions and the second is a crewed scenario.  The protocols and technology used in these examples and the links shown are for illustrative purposes only and should not be construed as recommendations.
8.1 Robotic scenario
This scenario describes an established architecture which makes use of a mature lunar communications infrastructure consisting of multiple international missions.  It consists of the spaceborne assets shown in Table 8-1 and the Earth entities shown in Table 8-2.  In the case of the Earth-bound nodes, there may be multiple instances of each.  For instance, each mission may have its own Mission Operations Center (MOC) or a given MOC may control multiple spacecraft.  It is assumed that in all instances there will be greater than one of each type.
	Spacecraft
	Location
	Quantity
	Description

	Relay
	Lunar Orbit
	3
	Multi-spacecraft constellation to perform lunar relays

	Science Mission
	Lunar Orbit
	3
	Science asset with multiple instruments on-board the spacecraft

	Lander
	Lunar Surface (near and far side)
	2
	Robotic lander with multiple instruments

	Rover
	Lunar Surface (near and far side)
	2
	Robotic rover with multiple instruments

	Sensor Network
	Lunar Surface
	2
	Multi-node network performing autonomous science operations

	Lander
	Performing descent and landing
	1
	Robotic lander with multiple instruments

	TDRSS
	Earth Orbit
	Multiple
	Used for relay of communications to/from the Moon


Figure 8-1: Spaceborne Assets of a Robotic Lunar Architecture
	Node
	Description

	Ground Stations
	Multiple ground stations.  Either the Deep Space Network (DSN) or commercial antennas.

	Missions Operations Center
	Mission operations centers for the various missions.  Each MOC may control one or more spacecraft.  The MOC is responsible for the health and safety of the spacecraft and coordination of science operations with the SOC

	Science Operations Center
	Science Operations Centers for the various missions.  Each SOC may be responsible for one or more instruments on one or more spacecraft.

	Spacecraft Development Facilities
	Spacecraft engineers at commercial/government/university facilities monitor health and safety of the spacecraft

	Remote locations
	These nodes consist of scientists or operations personnel who are not in their home facility.


Figure 8-2: Earthbound Assets of a Robotic Lunar Architecture
8.1.1 Example ApplicationS of cislunar protocols in robotic environment
The following list of examples describe methods and protocol interactions for typical operations and applications that may be seen in a lunar architecture.

8.1.1.1 CFDP Transmission from Instrument to User

This first example uses the transfer of a data file from an instrument to a user on the ground.  The protocol stack for this transfer is shown in Figure 8-1.  In this example, the user initiates a file transfer by contacting the CFDP engine on the spacecraft.  The Acknowledged Mode of CFDP is selected which provides for reliable delivery of CFDP information between endpoints.  Since delivery is ensured by CFDP, UDP is chosen at the next layer and the appropriate IP packets are created with the address of the sender and the address of the instrument on the spacecraft.  This information is then sent within the user’s facility via Ethernet followed by a transmission across the Internet via fiber optic cable to the ground station.  The packet is then placed into CCSDS AOS frames and sent to a lunar relay via R/F.  Upon receipt by the relay, the spacecraft determines appropriate communication capability and timing with the lander and initates a transmission by placing the IP packet in a Proximity-1 frame for transmission to the lander.  When the lander receives this information, it determines the destination of the packet through its routing information and transmits the packet via SpaceWire to the instrument.  At this time, the instrument software extracts the CFDP information from the packet.  The CFDP engine determines what was requested, communicates with the CFDP client application, and initiates the appropriate action.  Communication back the sending entity is started in the reverse of what was described.
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Figure 8-1: Instrument/User Data Transmission with CFDP Acknowledged Mode
8.1.1.2 Controlling a Rover

8.1.1.3 Bundling with a Robotic Constellation

8.1.1.4 Other robotic examples…

8.2 crewed scenario

8.2.1 Example ApplicationS of cislunar protocols in crwed environment

8.2.1.1 Internet Access by Astronauts
8.2.1.2 Other crewed examples…
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